Introduction
============

Ulcerative colitis has remissions and relapses, so both the patient and the treating physician need to have a coordinated approach. Treatment modalities may range from drugs with lot of side effects to surgical interventions. The disease is usually chronic and the aim of treatment in active disease is to induce remission. The gastrointestinal advisory panel of the American Food and Drug Administration has proposed that remission be defined as an absence of inflammatory symptoms (rectal bleeding or diarrhea) in conjunction with evidence of mucosal healing (absence of ulceration, significant granularity or friability). While repeated endoscopic examination is not always thought desirable by patient or clinician, a simple marker or a combination of biomarkers of intestinal inflammation would be of great help in monitoring the response to treatment. The shortcomings of clinical indices in assessing disease activity are widely known. Also in subjects with previously diagnosed UC it is sometimes not clear whether symptoms are due to active inflammatory bowel disease or an overlying functional bowel disorder, which commonly co-exists in patients with inflammatory bowel disease \[[@R1]\]. There is no single "Gold Standard" test or examination for diagnosis of UC, instead physicians apply a combination of symptoms, clinical examination, laboratory indices, endoscopy and histology to make the diagnosis and to assess severity as well as predict the outcome of disease \[[@R2]\]. Biomarkers have been studied in the past decade firstly to gain an objective measurement of disease activity as symptoms are often subjective and secondly to avoid invasive (endoscopic) procedures which are often a burden to the patient and to health care system as well.

Markers in serum
================

Serum C-reactive protein
------------------------

A large number of changes, distant from the site of inflammation and involving many organ systems, may accompany inflammation. In 1930, interest was focused on these changes by the discovery of C-reactive protein \[[@R3]\] (CRP; so called because it reacted with the plasma of the patients during the acute phase of pneumococcal pneumonia). Denovo hepatic synthesis starts very rapidly after a single stimulus, serum concentration rising above 5 mg/L by about 6 hrs and peaking around 48 hours. The plasma half life of CRP is about 19 hours and is constant under all conditions of health and disease, so that the sole determinants of circulating CRP concentration is the synthesis rate which thus directly reflects the intensity of the pathological process stimulating CRP production. When the stimulus for increased production completely ceases, the circulating CRP concentration falls rapidly, at almost the rate of plasma CRP clearance \[[@R4]\]. Twin studies show a highly significant hereditable component in base line CRP values that are independent of age and body mass index (BMI). In most, though not all diseases, the circulating value of CRP reflect on going inflammation and tissue damage much more accurately than do other laboratory parameters of the acute phase response, such as plasma viscosity and the erythrocyte sedimentation rate (ESR). Importantly, acute phase CRP values show no diurnal variation and are unaffected by eating. Furthermore, no anti-inflammatory or immunosuppressive drug affects CRP production. Therefore, modification of CRP response during treatment occurs only as a result of the effect of drug on underlying disorder. Serum CRP as a biomarker in the course of UC has been studied by number of workers. Prantera et al. \[[@R5]\] studied 60 UC patients and concluded that the disease severity and the presence of signs and symptoms of toxicity seem likely to be determined by the amount of colonic tissue involved by inflammation, both in depth and in extent. CRP appeared the most reliable factor reflecting activity and extension of lesion. In a study from Mayo Clinic \[[@R6]\], a cohort of 43 UC patients were studied. The authors concluded that serum CRP levels were associated with increase in biomarkers of inflammation (except platelets) and an active disease at ileocolonoscopy. However, histological activity was not associated with CRP concentrations in UC patients. In another study Chouhan et al. \[[@R7]\] concluded that measurement of CRP levels is a simple method of assessing disease activity and extent in UC. CRP level \>12 mg/L is indicative of severe and extensive disease. A change in CRP following therapy is a good parameter to assess the effect of the drug on the underlying inflammation. A decrease in CRP in response to therapy is objective evidence that the drug has a beneficial effect on gut inflammation even in patients with little change in symptoms. On the other hand, persistently raised CRP indicates failure of the therapy to control mucosal inflammation \[[@R8]\]. A very important clinical scenario in the course of UC is severe colitis: when a clinician is faced with a challenge of sparing the colon and saving the life. Studies have shown that on day 3 of intensive management with steroids and serum CRP \>45 mg/L , stool frequency greater than 8, a surgical intervention may become life saving. However, patterns of colitis, radiographic appearance, age of the patient and last but not the least experience of the treating physician can never be underestimated in this decision.

Fecal markers as non-invasive markers for assessment of severity of UC
======================================================================

The presence of active gut inflammation in patients with UC is associated with an acute phase reaction and migration of leucocytes to the gut, and this is transferred into the production of several proteins, which may be detected in serum or stools \[[@R9]\]. Evaluation of whether mucosal inflammation is present or not is very important in the management of patient with UC because relapse rates are very high if minimal mucosal inflammation remains in a patient who has clinical remission \[[@R10]\], \[[@R11]\]. Even colonoscopy does not detect inflammation if it is minimal or localized. It is conceivable that feces reflect the state of all sites in the digestive tract, since feces are formed during transit of the bowel \[[@R12]\]. Fecal markers fulfill all the criteria of being non-invasive, simple, in-expensive, sensitive and specific parameters to detect gastrointestinal inflammation. Fecal neutrophil derived proteins have been the subjects of a number of reports; Sugi et al. \[[@R13]\] concluded in their study that lactoferrin is the most suitable of these proteins to be used as a neutrophil-derived fecal marker of inflammation for clinical applications. Chronic inflammation of the large intestine predominantly comprises of lymphocytes and plasma cells while in acute exacerbation neutrophils migrate and degranulate substances like myeloperoxidase (MPO), lactoferrin, eosinophilic chemotactic factors etc. The levels of these substances indicate activation of neutrophils along gut mucosa during exacerbation. These substances are stable in fecal matter and measurement of these can give indirect evidence of colonic inflammation in a non-invasive manner \[[@R13]\]. Fecal markers comprise a heterogeneous group of substances that either leak from, or are generated by the inflamed intestinal mucosa. The main use of these markers is likely to be in diagnosing and assessing disease activity in difficult cases. They may also have a role in assessing treatment effect and prediction of relapse. Many potential markers have been assessed to date; however, an ideal one is yet to be identified \[[@R14]\].

Fecal myeloperoxidase (MPO)
---------------------------

Neutrophil accumulation in the inflamed intestinal mucosa is a prominent feature in ulcerative colitis. The granules of neutrophil granulocytes contain a number of enzymes, for example myeloperoxidase which are important in the combat against bacteria. These granule enzymes, some of which are proteolytic can be released upon stimulation, together with cytotoxic oxygen metabolites. Therefore activated neutrophils may contribute to tissue damage at sites of inflammation. The factors responsible for the mucosal recruitment of neutrophils in ulcerative colitis are not certain \[[@R15]\]. Myeloperoxidase activity is directly related to cell number, down to as few as 500 cells. Myeloperoxidase activity was assayed in two animal models of inflammation: acetic acid induced colitis in rats and *Clostridium difficile* enterotoxin induced enteritis in hamsters. In both models, the activity of myeloperoxidase solubilized from the inflamed tissue was directly proportional to the number of neutrophils seen in histologic sections \[[@R16]\], \[[@R17]\]. Raab et al. \[[@R18]\] studied the concentration of myeloperoxidase, a neutrophil granule constituent, in the perfusion fluid from sigmoid and rectal segments in patients with ulcerative colitis. The concentrations of myeloperoxidase were increased several fold in the patients with ulcerative colitis compared with healthy controls pointing to an enhanced neutrophil activity. The release of myeloperoxidase correlated to an enhanced local release of the neutrophil activating peptide interleukin-8 (IL8). The results obtained are compatible with the hypothesis that local mucosal recruitment/activation of neutrophil in ulcerative colitis is mediated by an enhanced IL8 synthesis. TNF-α may be one relevant factor as a stimulus to IL8 synthesis. Bustos et al. \[[@R19]\] solubilized fecal MPO with hexadecyl trimethylammonium bromide and the MPO activity was measured by a diamisidine H~2~O~2~ assay. In their study, fecal leukocytes were not found in healthy controls and stool MPO activity ranged from 1.6 x 10^3^ to 2.83 x 10^3^ MPO per gram of feces; the authors concluded that fecal MPO activity is a simple biochemical assay for the detection and quantification of fecal leukocytes. Later Saiki et al. \[[@R20]\] studied MPO levels in stool extracts which were measured using a radio-immunoassay in 33 patients with ulcerative colitis and 15 normal controls. Stool levels of MPO in active UC patients increased significantly and correlated with laboratory parameters and endoscopic grade of inflammation. A paired analysis showed a decrease in MPO levels after the resolution of disease exacerbation. These results suggest that stool MPO is a simple, non-invasive and relevant marker of disease activity. Fecal MPO levels can detect intestinal healing after treatment in a non invasive manner. This can be reassuring to the treating physician and high levels can predict relapse in a given patient. In a study by Sangfelt et al. \[[@R21]\] the rectal release of the neutrophil MPO and eosinophil constituents (eosinophilic cationic protein ECP, eosinophil peroxidase EPO granule) were measured in 11 patients using intraluminal segmental perfusion of the rectum. The released amounts of MPO, ECP and EPO in the perfusion fluids were determined by radio-immunoassays before and during prednisolone enema treatment and correlated to clinical, endoscopic and histopathological data in addition to treatment outcome. In their study rectally released MPO seemed to be an early marker of treatment response in patients with ulcerative colitis. Further more, when the different granule products monitored in this study were compared, MPO was best associated with inflammatory activity and disease response to treatment.

Fecal lactoferrin
-----------------

Lactoferrin, an iron binding protein with a molecular weight of approximately 80,000, is present in the intestinal mucus besides other body fluids. It has an antibacterial effect. Uchide et al. developed ELISA (enzyme-linked immunosorbent assay) and have shown that fecal lactoferrin level is high in patients with colorectal disease \[[@R22]\]. Later Langhorst et al. \[[@R23]\] studied 76 fecal specimens from 31 patients with UC in times of active and inactive status of disease. Disease activity was determined with the colitis activity index, which includes a combination of laboratory parameters and clinical symptoms, with a score of at least 6 indicating active disease. Lactoferrin showed increased levels in samples from patients with active disease compared with those in remission. In another study Kane et al. \[[@R24]\] studied fresh stool samples of 80 UC patients and 31 irritable bowel syndrome (IBS) patients. Fecal lactoferrin concentrations were determined using a polyclonal antibody based on ELISA. Mean fecal lactoferrin concentrations for each group and sensitivity and specificity were determined by the authors. The authors concluded that fecal lactoferrin was 90% specific for identifying inflammation in patients with active UC and 100% specific in ruling out IBS.

Fecal calprotectin
------------------

Calprotectin is a calcium-binding protein that inhibits metalloproteinases. It has antibacterial and antifungal activities \[[@R25]\]. It is an abundant protein found in all body fluids. Calprotectin has many clinical advantages to be used as a non-invasive marker. It is resistant to bacterial degradation in the gut and is stable in stool for up to one week at room temperature, overcoming delays in transporting the sample to the laboratory. Furthermore, calprotectin can be readily quantified using ELISA. Since calprotectin is primarily derived from neutrophils, its concentration is directly proportional to neutrophil migration toward the intestinal tract. From this comparison, levels of all of the fecal leukocyte markers in IBS were found to be in the range of healthy controls. Fecal calprotectin was found to be strongly associated with colorectal inflammation, indicating the presence of organic disease \[[@R26]\] and can differentiate inflammatory bowel disease (IBD) from irritable bowel syndrome. Studies have shown that fecal calprotectin differentiated an inactive disease from mild, moderate and highly active diseases, highlighting its usefulness for monitoring activity \[[@R27]\]. In a follow-up study of 163 patients (89 Crohn\'s disease (CD), 74 UC) over a period of 12 months Gisbert et al. \[[@R28]\] evaluated the role of fecal calprotectin and lactoferrin in the prediction of IBD relapse. In patients who relapsed during follow-up calprotectin concentrations were found to be higher than in patients who had not (239 ±150 versus 136 ±158 µg/g (P\<0.001). The relapse risk was higher in patients that had high (\>150 µg/g) calprotectin concentrations (30% versus 7.8%; P\<0.001) or positive lactoferrin (25% versus 10%; P\<0.05). The sensitivity and specificity of fecal calprotectin (\>150 µg/g) to predict relapse were 69% and 69%, respectively. The corresponding values for lactoferrin were 62% and 65%, respectively. The authors concluded that these markers are effective in predicting the relapse. Fecal calprotectin is an easy, inexpensive, sensitive and specific way to evaluate IBD. Despite the fact that levels of fecal calprotectin have an important role in diagnosis, follow-up, prediction of relapses and assessment of response to treatment, it still has some disadvantages and can only be used as a complementary test. Fecal calprotectin levels get affected by nonsteroidal anti-inflammatory drug (NSAID) intake, bleeding more than 100 ml and by malignancy. Renata et al. \[[@R29]\] compared fecal lactoferrin with calprotectin in 46 UC patients (26 had extensive colitis and 20 had left sided colitis); 36 (78%) patients had active disease at colonoscopy and calprotectin was above normal in 28 patients, as was lactoferrin in 27. In their study, endoscopic and histologic scores correlated significantly with lactoferrin. The authors concluded that both calprotectin and lactoferrin tests appear to be useful in detecting bowel inflammation in symptomatic patients, achieving a similar diagnostic accuracy as shown in Table 1 [(Tab. 1)](#T1){ref-type="fig"}. The proportion of patients positive for calprotectin or lactoferrin was not influenced by the extent of disease when a similar disease activity was considered.

Comparison of serum and fecal biomarkers in assesing disease severity in UC
===========================================================================

We studied both serum and fecal biomarkers in assessing disease severity of UC and response to treatment. In this prospective study \[[@R30]\] cases had significantly higher levels of serum CRP, fecal lactoferrin and MPO levels than controls, making biomarkers an excellent tool in differentiation of functional bowel syndromes from inflammatory bowel disorders. We observed that cases with severe UC had higher CRP, MPO and fecal lactoferrin levels than those with mild disease. All three markers showed a high degree of correlation with each other. There was significant correlation between severity of UC and serum CRP levels and it was 100% specific. Fecal lactoferrin was 94% sensitive and 100% specific and fecal MPO was 89% sensitive and 51% specific. The clinical improvement correlated with significant fall in all three biomarkers on follow up depicting intestinal healing. We found these biomarkers to be excellent in assessing disease severity and response to treatment in a non-invasive manner.There are no guidelines for clinical use of biomarkers yet. The algorithm in Figure 1 [(Fig. 1)](#F1){ref-type="fig"} may be useful for clinical practice.

Future biomarkers
-----------------

In a recent study \[[@R31]\] of gene expression profiles from blood of patients with ulcerative colitis, Crohn\'s disease and non-inflammatory diarrheal disorders, Burakoff et al. demonstrated that different genes existed for each of these disorders. Gene profiles could differentiate these disorders in a given patient in a non-invasive manner. However more studies are required before these biomarkers will come into clinical practice. The cost factor may, however, become a limiting factor in their wider use. Colorectal carcinoma is the most severe complication in ulcerative colitis. In an experimental animal model Talero et al. \[[@R32]\] observed that dysplasia and adenocarcinomas correlated with number of cycles of dextran sulfate sodium (DSS) induced colonic inflammation. The authors observed that adrenomedullin is implicated in carcinogenesis. This molecule or similar other molecule may become one of the future biomarkers in the management of ul-cera-tive colitis so that patients with ulcerative colitis are treated before dysplasia progresses to malignancy.

Conclusion
==========

In conclusion, biomarkers are useful in differentiating functional bowel disorders from inflammatory bowel disease. These are useful in assessing disease activity and severity of ulcerative colitis. Using biomarkers, intestinal healing after treatment can be documented on follow-up in a non-invasive manner. This would be of great help in monitoring response to treatment. Biomarkers can play a role in determining relapse and can help in tailoring treatment without repeating colonoscopy. Disease assessment by biomarkers may lead to new management approaches in UC if a perfect one or a combination of biomarkers are discovered, as the quest for a perfect biomarker in ulcerative colitis still continues.

Notes
=====

Competing interests
-------------------

The authors declare that they have no competing interests.

![Comparison of fecal lactoferrin and calprotectin as biomarkers](GMS-09-03-t-001){#T1}

![Algorithm for clinical use of biomarkers in ulcerative colitis](GMS-09-03-g-001){#F1}
